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Description 

p/^I ^ROUND OF THE INVENTTlOJ 

ti9M of the hnvention: - 

The present invention relates to an axpasure aH»- 
ratus. mae partcuJarly to an ejgjosure apparatus which 
ts used during manutacturing semicondirctor desncas, 
tkiuid cryetcd ctiep^ay <letrace$ and the Qte in a H^iogra- w 
phy step and 10 an exposing method. 

RpfatpH Barfcnrftunri M: 

A projoifion ettpoEure apparatus has been used, ttf 
which prciects patterns of a photonriask end e ( 
hereinaflw reJerred to as a reticle) under exposure ^ 
onto a photosenshivB substrate via a projection c^Tttcal 
system during manufacturing eemicondiictor de\rice&, 
liquid ayetal cBsptey devces. US.R No. 5,477.304 dis- 20 
dosed an e}poeure oppamtLis cap^e otf pertorrnrig an 
accuate eocposire with the GorrtMnatkin oC a coarse 
motion stage and a fine moliGn lor a refide. Fiir- 
ther, aS.P. Na 5.172.160 didctoses an exposure appa* 
ralus tevrng a device capatileot suppressing svbration ^ 

ofiheapparaiiG. 

Rl OF THE INVEhTDQW: 

Howeuer, in the foregoing cons^entional exposure 30 
apparatuses^ ft is c^KAit to sufHciently cuppre^ a tau^ 
exposure due to vSvations of the exposure apparatus 
boy. 

From Ihe View point Of the above descrtet drcunrt- 
fwenoes. the object of Uie pfW5»it irrveniian is to f»o- 36 
vnde an o^xiGure apparatus which is cajy^e of 
stjppr^si^ng sn oocun^ence ol a feulty eiqxjsure due to 
vbrabons of the exposure ^sparatus body arxf perform- 
ing a high accuracy c^qpoaura 

ft is an object rtlhe present uTvention to pro^ride an 40 
ei^oeure apparatus for projecting an image pattern on 
fi mask onto a photoscnsitK^ sbbstrate^ the ^^paratus 
conpriang: a body; a Ivst stage rrovable to the body 
and adapted to mount the mask; a second stage mova- 
ble to the body and adapted to mount the photOGensrtrve ^ 
siiJGlratfi, a measuing dwice far maasLiring tfie posi- 
tion ot either d the mask mounted on the first ^ga or 
the phoio&ertsitrve siiKtrate mounted on the aecorvl 
stage; a vtvation satsa tar messuring \rbraticvi of the 
body; and a posHion oontrotler for controEng the post- bo 
tivi of ether the mask mounted on thefrd stage or the 
photo&ensilive substrate mounted on the second stage 
based a meaeiirenneni value oi the vftyaton sensor 
and a measuremem value of ^ measuring de^/ice. 

Accortfng to Vie esqwsae apparatus of the present ss 
iiwemion, the posiiion of erther the masJc or the phoio- 
sensitive siiistmte is dlrecUy measured l>y Ihe measi*- 
ing means, and the vibrations of the portion in the 
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otposL^e apparatus body as well as the portion other 
than that of erther the rrrask or the photo&ensriive sub- 
strate is rneasired by the v^raiion sensor. Then, the 
position contn^J eyetem control the posifion ot either 
the mask or ttie F^osensitrve sitetrate based on the 
measurement values of the vibration sensor and the 
measixing means. 

According to the present inv^ition, when the vajra- 
tiorts am caused in the exposure apparatus body, the 
vibralionE are measured by the vibration sensor, and 
the eaors caused in the measurement values of the 
measuring rrteans are conected txy the position control 
system using the measuremem resufts. wherdby the 
position deviafion between the mask and the pholosen- 
sitTve 5Lft}strale due to the vifcralions is prevented, 
resuitind in the siwression of the occurrenoe of the 
bu^eKposure. 

Morecver, various kinds o4 ^e vi^ratnn sensors 
that can be used In the invention are taken into oonsid- 
erat on. tt is sulTicient ttxai the foregoing vexation sensor 
may be an acc^eration meter. Since the vfiyations can 
be directly measured by #ib acceleratian metar. the 
vibraliorv can be measured more prectscfy As another 
vibration sensor, 9 ^e ^^braition sensor is placed at a 
posrtion wt)oe rt is not irtfluenced by the vibrations of 
the apparatus body, the vibration sensor may be consti- 
tuted by combining it with a dsf^aoement sensor such 
as a laser interference m^er arxJ a circuit to differenti- 
ale the maasuremBnt values of the di^ptacemerrt sen- 
£Ds twice. K is another object of the present invention to 
provkle a method of projecting a pattern image on a 
mask on to a photosensitive sttetrate. using an expo- 
sure apparatus ooinprising a a Ixxiy wiffi projection opti- 
cal system tor proiecttng the panenrt on the 
photosensitive sitetrate; a first stage nxwatste to ttie 
body and ac^v^ to mo^ the mask: and a secorxl 
staga-iTKivafale to the. body arxi adapted to mount the 
pfiotasenGiffivB siisetrate, the method oonrfxising the 
steps of; mounting the rnask on Ihe first stage: mounting 
the photosensitive sUbs^ate on the second stage; 
dr acfly meastring the position of either one of the mask 
and the photosensitive substrate to protride a first data: 
measuring v ib r aliu i fc of the txxty, using a vbrator 
enacfted to Hie t>ody, to a seoond data; end controinr^ 
other one of the mask and the photoeensitive subdrale 
based on the first date and the sec3ond data to prerkirm 
the prpjecfive exposure. 

The present itrvrentfon viii be more fully understood 
from the dfltaDad desmplian given hereinbekiv and tfie 
acconpaivng drawings, which are given by way of 
HlLElraBon onfy and are not to be considGred as limiting 
^e present irwenltorL 

Furth^ scope of arq^licability of the present inven- 
tion wiD become apparent from the detailed deecrf^ivon 
hereinaftar. Howa/er, it shoUkl be understood that 
the derailed descrip^on and specVic examples, whte 
indicating pretend embodiments of the inventioa are 
given by way Of illustraxion onty. since various changes 
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and mocfiftcations within sportt and scop^ of Ihe 
indention wiD be apparent lo those skilled vi the art Irm) 
this detailed description. 

RRIFF DgSCRIPTtON OF THE DRAWINGS 

For a rDore c&m^^ undejsianding of the present 
.invention and the ad«antagee thereof, rerference is now 
macie to the fd/owir^ descr^stion taton in canjunction 
Twilh the acaorrpanying drawirtgs. 

Fig. 1 is a schermtk; view etiomns 8 ccv^structiori c4 
a 8can type ej^xxuie apparatus ecoordlnQ to an 
embodiment of the present ffivenlion. 

Fig.Zrs abtockcfiagram showing a construction of 
a stage control system oi the apparatus ^lown in Pig. 1. 

Rg. S is e perspective view shomng an outKne of a 
projection exposure sfiparstus according to an exrtodi- 
mem of ne pre&ent inventjon. 

Tq. 4 a diagram shoMring a construction of a 
vbraiion control cyetcm Ibr Ihe ei^x^eure apparatus 
body. 

Fig. 5 is a (£aoram ehowing a detailed constnxtiOT 
of each portion of the cfiaTsm of Ftg. 4. 

pgSCRlPTtON QFTHg PREFERRED EMBODI- 
MENTS 

The fr^ errtxxrimenl of the present irwention w31 
be de^'bed reference to F)g& l and 2 betew. 

tn Fig. 1, a schematic constitution of a scan type 
expoGife appamlus 10 serving as an esfMSure appam- 
tus accoDCfing to an entxxfimerd b sTiown. The scan 
expoeive appanatus 10 shown in Fiq. 1 conrpises an 
iAurrBnation system 12 fbr Blumirttlfng a reside R as a 
mask using an eiqpo&ure tight lU a rctde stage 14 as a 
mask stage tir scanning the reside R InY^oas cfirectron 
( in the horizontal direction rn Fig. 1 } and for parfDrtT^ng 
aline moton on an X and Yp^ane; a projection optical 
system PL disposed inder the ret'de stage 14: a water 
stape 16, diepo&ed under the prqection opiicat eyctenn 

far moving a wafer Was a pho tos ey fei tn^ substrate 
on the Xand Y-p!anelw-dimen5Jonany,and a main con- 
trol system 1 8 conposed of a mk^ooonpoter ( or a nrin- 
foomputer ) to control the whole 0* the af)panatw& ae a 
wtiole. 

A reticle stage 14. a waf^ stage te and a projection 
optical system PL are held t^y a body which ts mounted 
on p^& 

The ili^'nation system 12 is oorifxysed of a tight 
source portion 20; a mirror 22; a retc** bHnd 24; a rel«^ 
lens 26; a rrurtw 28; and a condenser lens 30. Am^ 
these confonents, the Dgm source portion 20 con^sts 
of a fighl source such as a litrahigh pressure mercury 
tamp or laser light source, and an optical intesrator. The 
ratida bird 24 Is disposed at a position conjug^fted wi^ 
a pattern formafion plane that Is a under surface of the 

The eotfxsGufG ighl IL err^ad irom tha light sourca 



portion 20 passes through the mirror 22. the reMe bind 
24. the retey lens 26, the mirror 28 and the condenser 
ler>$ SO in fhis order and Dlurrvnatefi sfri-shaped illumi- 
nated regions formed by the reticle bfind 24 on the reti- 

g da R with an even iUumSnance. In this case. Ihe 
ion^tudinal diracfion ol tha slil-shaped illuminated 
regions is set to the X-dirediort that is peipendkiilar to 
the paper plane in Fig. 1 and the ejection of the relative 
scan of the retide R and the sOI-shaped aiumirkated 

7P regions are set to the Y-diection. 

The retide stag© 14 comprises a retide coarse 
motion stage 34 which moves along the scan direction ( 
the Y-directiGn } on a rat'de base ( not shown ) and a 
reticle fine motion stage 36 nojnted on the reticle 

IS coarse motion stage 34, which finely moves on ttie X 
and Y-plane while holding the retide R. the retk^le fine 
motion stage 36 pedbrming also rotational movement. 

A mok/emenl mirTor 82 b provided on the retide 
coarse morion stage d4. A revTde coarse motfon laser 

£D IrTtertBrence m^er 42 is disposed so as to lace the 
movement min-or 32. which projects a laser beam onto 
the rno^/ementminror 32 to detect the position of the ret- 
icle coarse motion stage 34 by receMng the reflectran 
Sgnt An output from the retide coarse motion interfar- 

2S ence meter 42 re sifipiied lo the main controt eyetem 
18. The m^n oonird system 18 is designed suoh that it 
measures the positron in the Ydlrectton of the retide 
ooar^ motion stage 34 bsed on the output of the reti- 
de coarse motion laser interference meter 

30 A movement mirror 3fi is provided on the r^de fine 
motion stage 36. A retici fine motion laser intederence 
meter 40 is provided so as to face 0ie movement minor 
38^ whidi project a laser beam onto the mavement mir- 
ror 38 to detect, as a measuring means, the posftion of 

df the retide fine motion stage 36 by receiving the r^ec- 
ft)n i^. Here, three mowement irtrrors In total are pno- 
, . ;V)dad actualy on tlia retide fine motion stage 36, that is.. . 
an X<mo«/ement rrvrror having a reflection plane perpen- 
dicular to the X-axis direction, and two Y-movement rrvr- 

4P rors having a rdleclion ptene perpendioiar to the Y- 
a)ds direction are piwlded theareon. Accort£ngfy, three 
reticle tine motion laser interference meters are pro- 
vided in totaf, that is, an X-a;^ direction position mess- 
iirtng imefference meter and two Y-cpds direction 

45 position measuring intaiferenca metei^ are pmvided. In 
Ftg. 1, the movemetn mirror 36 and the reticle laser 
riterferencB meter 40 are atustrBted on behalf of them. 

Outputs from the three retide fine nrxifion laser 
Herferenoe meters are si^iplied to the main control 

SO system 18- The main control sy«<em 18 measure© the 
X-position of the r^lefine motion stage 38 baaed on 
the ou^ ol 9ie X-a»s cfrectxm position measuring 
Intvference meter and computes the Yf)osi(on of the 
retide fine mo6on stag« 36 based on the average of the 

55 outputs of the two Y-axi$ direction posrfion measunng 
i nte rfe re nce meters, thereby conputing the roatkKi 
an^e on the X arvi Y-ptane of the refide Tine motion 
Stage 36 based on the diffarence of outputs between 
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the TWO Y-axi6 diredion positon mBasuring interfarence 
meters. 

The proj ection opticaJ System PL Is supponed on a 
base ( not shown ) ttiraugh a first column < not shown ) 
eudi that a dtredion of its optteal axis accords wrth Itte 5 
2-axte direction perpendicular to the X and V-plane. A 
£fiGond GQhjrmi ( not shown ) is provided on the first cof- 
iimn and the reticle base ts pronded on the second oot- 
unm. A refractiort opticat system having .tor example, a 
predetermEned reciiction ratio 0 { rn this antxxfvnenl ^ io 
m 1/4 )at both telecentric Is employed as the projection 
optical system PL For ttvs reasoix the pattern of the 
set-shaped Olumlnated regbns m the pattBni region of 
the retide R is rediiced arxl pnjjected onto the expooire 
re^on on the wafer W having a surtace coated with pho- is 
toresiet the exposiM^ region bang corijugaiBd with the 
foregoins tQuminated region through the projecGon opti- 
cal system PL i^son exposure. 

Actuafly, wafer stage 16 ts corrposed of an XY 
st^ lor mcMng the wafer base ( not shown } in an X ec 
and Y two dhnenstonsl ttfection, a leveTmg stage pro- 
vided onih© XY stage, 2 • e stage tor holding the wafer, 
which Ss pnoMided on t»e leveling stages In Fig. 1. the 
water stage 16 r^esentatively is shown on behatf of 
these con^ianerte. Sfi 

The mo^fstnenl manor 46 is provided on the wsfer 
stage 16. The wafer laser inierfefence meter is pro- 
vided so as to face the movement rrirror 46, which 
prcjecasa laser beam onto the movement ninor 46 and 
receives Re reflecfion Ight, thereby detecting the posi- so 
tion ctf the wafer stage 16. Here, a Y movennent mkror 
havng a reflectton plane perpendicular to the Y asds 
cfirection and an X movemerd murror hairnig a reflection 
plane p erpen d tau tar to the X axis cfiredion are actu^ 
provided on the wafer stage 16. Conre^poncftng to Ihese x 
mirTOfS^ provided are a Y axis direction poatian measur- 
. . ing IttterfererKe. meier.ter receiving .the reflection Dghi 
form the Y movement mirror, a X ax's cfirectiofi position 
measwing interference meter for receiving the reftectlDn 
tight from the X ma/smart nifTOf, and a rotaliort meas- 4o 
Lcring intarfBrencB metisr, tfiat is, three interference 
meters In total are provided as wafer Jase? irrteftace 
meters In Fig. 1, the movement mirror 46 and tfw water 
laser interference meter 48 are Shown represerrtatrveiy 
on behalf oi these components- 4S 

Outputs from tfia three water lasar tnta^enenca 
meters ane suppAed to the main control system 18. The 
rmin control system 18 measires 9ie X position of the 
water stage 16 based on the output of the X axis drec- 
- - tion position nneasirirkg imerterence meter and meas- 5o 
ures the Y portion of tfte wafer stage 44 based on ttie 
ou^ut of the Y axis direction position measuring inters 
franca mater. The main contr^H system 18 computes 
the rotslion angle on the X and Y-plane of the wafer 
stage 16 based on the output of the fotaSon measLfing bb 
irrierference rrster against ttie output of ^ X axis ejec- 
tion position measuring nterlerence meter. 

During the e39x>sure <peraiion, the main control 



system 18 scans, for exanple, the wafer stage 16 in • Y 
direction ate scan speed \A/V( VW= p • VR)through 
the driving apparatus ( rKsl shown ) in synchronization 
wiffi scanning tfie r^de coaise motion stage 34 in •^ Y 
drecfion at a predetarmkied scan speed VR through a 
driving apparatus ( not shown } tor relative scanning. 
The main control system absoitss tfra relatve spaed 
enw, created at this tirne. between the retide coarse 
motion stage 34 and the water stage 1 6 arxl controls the 
operation of the retide tine motion stage 36 through a 
driving apparahjs ( not sfiown ) for the fine motion con- 
trol in order that the retative ^peed ol the retide R and 
the water W and their pos^ are A : 1. Tiws, in syr>- 
chrornzationof the scanning of the reticle R in4 Y cfirao- 
tion again^ the eOt-shaped illurhinatian region 
aitmkiated by the e^tposure t^ IL, the water W against 
the exposure region conjugated with the iflumination 
region is scanned in the - Y <firectiQn at a speed in 
Bocordanoe wKh a reductton ratio of the projection 
ca) system PL The pattern formed on the pattern for- 
mation surface or the retide R is sequentialy 
transferred onto a &hot region on the waffer W 

Upon compietion of the exposure kr one shot 
region, the main control system 18 moves the wafer 
stage 16 in a non-scan direction (X direction ) by a pre- 
drternvned cfistance and perfeirrrs a stepping operation 
10 an exposure starting position lor a next shot. There- 
fare, the main oontrol system performs the scan expo- 
sure, thereby perforrnng the estposure according to the 
step and scan style. 

liAoreover, in ^ embodiment, an acceleralion sen- 
sor ( an acceleration rrtetv ) 50 sar^r^ as the vibration 
sensor is provided on the side surface of the projection 
optical system PL The vibraborn of the projection opti- 
cal system PL is tn&asMd by t)6 acceleralion sertsor 
50. and the measurement values relating to the wbra- 
ttons are supplied to the m^controlsysiem 18. . 

Hg. 2 dviws a blodc cfiagram of a stage control sys- 
tem and a position control system of Bie scan type 
a^^rosua appamtus 10 according to this embodmant 
The stage oontrol system i^iown in Fig.2 shows a funo- 
tion of the main control system 1fi of Fig. 1 by a block 
diagram principally, the function being realized by soft- 
ware. AS a matter of course, each of the con>ponent& of 
the ocposure ^iparalus may be corKtituted by each 
hardn^e corre^pcHidng to tfie cornponantSL 

The stage control system corifyises a scan speed 
generaiorSl far outputting a speed command value VW 
far the wafer stage 16 in response Id an nstruction of a 
main computer (not shown); a wafer stage speedcon- 
trd system S and a reticle coarse motion speed control 
system 54, whidi oontrol the speeds of the water stage 
16 and the ratida coarse motion stage 34 basad on the 
speed comrnand value VW from the scan speed gener- 
ator 51 and the speed oommand yahiQ VR cbtained by 
mullQ^lyino the speed command value VW with 1/p ( in 
this embodintent multipliBd by lour }; and a retide fine 
motion stage control system 56 for controtting tfse posi* 
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tion and tho speed erf the rebcte frw motion siage 36 
based on postttan 'nformation obtained by muftiplying 
the position of the vwater sfcage 44 by tour. 

More fipecTicafly, the wafer stage speed control 
system 52 can be conetfwaed by. ♦or exaniple. l-type € 
closed loop control systefn induding a sU}tnacter ( not 
shown ) fcv cortputiris a ^>e©d deirtafion that is a differ- 
ence b^ween the speed command value VW and the 
speed of the wafer etase 16. ^ a PI conbotler ( noi 
shown ) tar perfomins a prpportiortal and inlesral con- 
trol operation uting the speed deviaciion torm the sub- 
tracter as an operaficnal signal, it should be noted that 
the speed of the wafer stage 16 i& actually obtained 
from the differemtal value of the measurerrert values d 
the water laser Werterenoe mrfer 48. 

The retfde coarse mobon stage speed control sys- 
tem 54 c^ be constructed by, tor exanfrfe. htype 
dosed »oop contra! system Induing a subtracter ( not 
shown } tor computing a speed de\/iation that is a differ^ 
ence b^ween the speed command value VR ( = 4VW ) 
of the rrfde coarse nwtion stage 34 and a speed of the 
retide coarse motion stage 34 and a PI controRer ( not 
stmwn ) tcv perfcxTring a proporGonal arxi integna) cxkv 
troi operalian using the speed d^/iation {orm the sii>- 
tracter as an operatiortal signal tt should be noted that 
the speed of the retide coaise motion stage S4 is ectu- 
aHy obtained from the differential value o^ the measure 
meni values of the ret'de coar^ motion laser 
imerferenoe meter 42. 

The retide fine mofion siaQB control system 56 can 
be constructed by co mpo si ng a stMacter 74 which 
receives as a target position a value obtained mufti- 
plying the posaion of the wafer stage by four, whidi cor- 
responds to the value obtained teg mJl^ng the 
measurement vabe ol the wafer interterence meter 48 
by iDtr, the p09l>on of the water stage beng obtarned tv 
JfnesF^nglhe value rniWpDed by p(<oit>b5^a^*^ 
gration drcuh 64. wMch is an output of the wafer dage 
speed oontrd system 52 and corvputes the positiorel 
damnation that is a difierenoe between ^e target position 
and tiie podtiorTQl Information o4 the lettde fne moixon 
states&whichis^odipuiof a second imegration dr- 
cart 76 tela descTibed and corresponds to an output Ot 
tfie retide fine nxitton laser Interterence meter 40; a re^ 
tde fine motion sta^e position comrd system 5S which 
indudas a PI controller lor pertorming a pruportiana) 
and htegral control opcsation using the posftkml devi- 
aticm as an operaiiaRaf signal, which fe an oulj^ (rom 
the subtracter 74, and converts a contd quantity com- 
puted by the PI controller to a speed to output it; a retide 
fine motion Stage speed control system fiO for perform- 
ing a control ope»a6on using an output of the posfton 
control system 58 as a t^9et speed; and a second ffTt»- 
gration dfcutt 76 whidi imegrates an output of the reti- 
de fine nvsllon stadc speed contrd system 60 to 
convert 11 to the position of the retide fine motion stage. 
Here, the r^de fine motion stage speed contrd system 
60 is constructed by i^dutfng a subtratter ( not shown ) 



for conputing a speed deviation that is a dfference 
between the target epeed that is the output of the posi- 
tion contrd system 68. and a speed of the retide tine 
moSon stage; and a PI controDer ( not shown ) for per- 
fomvng a proportional and inleyal oon^ol operation 
using the ^eed de^tion of the sub^act^ as an oper- 
ational stgml. 

In this B u l i u c fini em, in order to enharice a position 
control response ot the reticle fine nr)Otion sta^e control 
system 56. the speed enror between the water stage 16 
and the r«*de coar^ mrtion stage 34, is feed-for- 
warded to the r^de fiie mobon stage speed control 
system 60 through an adder 66, the speed enror being 
the output of the subtacter ^ 

Moreok^, in this embodiment, the measurement 
value of the above described acceleration sersor 50 is 
kitegrated by a third integraton circuit 70, and the inte- 
graticn value is feed-fonuanded to the second Eme^rra- 
tion ckcuit 76 through the eubtracter 68. The positional 
rnformation ot the retide fme motion stage 36 ouiputted 
from the second Integreiion drcuit 76 is information 
r^'ng to the position obtained by integrating the diff»-- 
ence between ttie ^leed of the retide fine motion stage 
36 and the Integvadion value ( speed ) of tfve vibnation ( 
accderafion ) measured by the acceleration aereor SO. 
the output of the retide Rne rruifa'on stage 36 being an 
output d the retide frie nxnion stage speed control sys- 
tem 60, Specficalli; the vtoration oorrTXjnenls d the 
projection opticaS system PU which is a part of the expo- 
sure apparatus body, is cancefled tqr the eutitracter 68. 
the vft)rat)Qn component bdng measured by the accel- 
eration sensor So. Errors <^e to the vibrations d the 
exposure apparatus body are not induded in the meas- 
urement value of the position of the relide line notion 
Stage 36 thtf is an output of the second inte^rBtion cir- 
cuit 76. Actually, the position of the retide trie motion 
stage 36 arexfrectly measured by the oetdefine motion 
lasef interference meter 40 ard it is not attained by inle- 
93ting the speed of the retide fine nvtion stage speed 
contrd system 60. In Fig. 2, the cor^d eyetems equi^ 
aientto the actual contrd systems are lilustrated lor the 
con^ience of descriptions and according to customs 
of ways to iOustnate 0ie oontrol blodcs. 

According to the scan type exposure apparatus 10 
Of ^is embodimerv described aboire^ the vibrations of 
the projection opIioBi system PL, whidi is a part of the 
oqxGure apparatus body; are measured usirtg the 
accderation sensor 50 provided cm the side eurlace of 
the proiedion optical system PL This measurement 
value is cowerted to the speed and isfeed-tortrartied to 
the reticle fine mofion stage contrd ^^stem 56- There- 
fore, It can be suppressed that the vibration conrponerns 
of Ihe aKposure apparatus body have an infh^ence on 
the measurement value of the retide fine motion laser 
interference meter 40 tor measuring the position of the 
retide fne motion stage 36. Thus, the vflbratron compo- 
neiits of the synchronous errors between ttie retide R 
and the wafer W (or the exposure can be speedily cov 
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celled, ther*y teeping the imago formation charaaer- 
istic at a high giticte. 

In ihis errtiodimenl, since ihe mefisuemerct value 
of the accaieTation sensor 50 is feed-torwaided to the 
contro* system 56 to conimBing the relicte fne motkm e 
stage 36 having the rnoal excenent po&ilion comroJ 
response cjeraderislic, there 'b an adt^antage thai the 
synchronous errors be^e&n the reiWe and ihe wafer, 
wfttch is ciue to the v^ratvons, can be canceled at 
shortei period of time. 

Moreover, in this errtedSment. since the vibraUon& 
Of flie projection opticaJ system PL are cfiredty meas- 
ured by the acceleration sensor 50, n wfll t>e possiWe to 
r^nw the vibration components d the syrchronous 
©TTO most sigmricantly reneding inftuences given to 16 
the inia9efc>rrriafionchar«clensl]c of the prxijecfion Opti- 
cal system PL by the vibr3l)on& of the esqposure a^para- 
tiB bcxly, so that the knage formation ctiaracertsUc of 
the pr^^ection ctJtical system PL can be *cept at the Wgh- 
csl grate. Bom such view point His definable to ffieas- 20 
UI8 the vibrations at the pi<»l po^'on of the proiecfion 
optica) system PL by ^ acceleration sansor. Morecver, 
altfirratety. a plurality of acceleration sensors may be ffH- 
t^ to the projection optical system PL aiKJ the meas- 
uremerrt vatues at itiese aocelerBlion sensors may ^ ^ 
subjected to a precJetermined ccmpUat'onai pnoceas- 
rr^ thereby detecting ^e vibrations oT the projection 
optical system PL 

However, h is sufficient that the vbratJon sensor fs 
provided partially on the exposure apparatus body other $o 
tten prpjaction optical system PL except for the forego- 
ing wsler stage and thetorefioing reticle stage. &16 fr>en 
the wftwaaions of the exposure ^aparatus body can be 
measired- As a matter of coirse, ttie vfttrstiorB of the 
prq edion optica) system PL Ie not necessarily r equ'ved 9S 
to be measuredl 

In the above desoibed errftxxfimerTt. ttie measire- 
ment wslue of the acceleration sensor 50 is teed-for- 
warded to a part ol the position control loop wiffiin the 
retictefir» motion stage control system S6.Ttiepre6©rrt ^ 
imm&on is rKd imFted to iNs, and the measurement 
va! je may be teed-torwarded to other portions of Ih© 
po9$on Gontrot system suf^ bs the inside of the speed 
control system 60 wOOnin the reticle fine motion stage 
contrd system S£. Mtemately. the meastfement value 45 
rray be feed-forwaided to other porliorts of the stage 
contra* system of Tig. 2 sueti as the wafer stage speed 
control ^stem 52 and «ie rabde coaiEe fine motion 
stage speed oontrol system 54. 

In the abova desafised entxximenL the case W 
where the present "wvenSon ts apptied tolha scan bd^jo- 
sure sfaparatus ota step and scan type was deserted. 
The scope of the present invention is not nmited to this, 
ar^ the present inverttion may be applied to an eapo- 
sure ^pparato of a static exposure type such as a ss 
reduction projediai e39>o&ure type apparatus of a step 
and repeat type ( a stappar i Spedficany. ^ 
axposure e^iparatus ot a sla&c exposure type, a mask 
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stage and a wafer stage are provided, and at Jeast the 
position of the wafer stage is directly measured by the 
laser rrtarlerBnce meter. Since it is considered tliat the 
vibrafion corrponente of the exposure apparatus body 
hewe an Infiienc© on the measuremem value, liy input- 
thg the measurement value ot the vibration sensor to 
Ihe stage control ^stem tor oontroISng the wafer stage 
m a fBed-ton(wd tashion, the errors due to the vibra- 
fions included In the measurement value of ttte laser 
inlerterence meter can be canceled by the meacure- 
ment value of the vliration sensor before trte errors due 
to the vibration has an effect on the control object com- 
posed Of the stage control system. Thereforfi, it is pos- 
sible to present the oocwnenoa of the positional 
devlatton between the reticle stage and the eiis^ate 
stage, so fiat the injection exposure can be performed 
wtale keeping ttie desired image formation r^ation 
between the rebde and the water. 

Moreover, the e n AjoAi t afe can be applied to an 
exposure apparatus of a proximity type other than the 
projection c)9>0Gure apparatus as weD as an e^qmime 
apparatus such as an Madron beam expoeutB appara- 
tus. Also in these eaposire ppparatuees. the positional 
al^nment of tfie masl« with the photosensilive sitetrate 
is inevil^e. Therefore, the po&mon of al least one of 
«ie nffisk and tte photosaisitive substrate is directly 
measured by the measuring means su* as the laser 
interference meter. Since it Is oonsidBred that tfie vibra- 
tion componente of the exposure apparatus body have 
an eJtecl on this measurement value by the measuring 
means, the vforalfons of tie portions other than those 
the posiliorts of which are measured by the vibration 
sensor are measured by the rrwasuring means cf s- 
posed wrmin the mask and the photosensilive substrate 
in the exposLre apparatus Ixxiy. The positkm of al leasl 
one ol the mask and the photosensitive sitetrate is 

. controlled by the posiSon control system, based on Jhe 

measurement value of the vforafion soisor and the 
measurement vahie of Ihe measLBwig means, thereby 
suppressing tie occunrenoe of fauHy eDq>osura& diie the 
positional deviation between the mask and the photo- 
sensHTve substrata. 

Futh& the above embocfiment proiride an exposure 
c^sparatus which performs a proJecHon eoq^osure for a 
pattern formed on a mask (FO onto a photosonsitivB 
substrate (W) through a projection optical system (PL), 
comprises: a mask stage (1 4] for hok^ng the mask ( R 
}; a substrate daga (16) tar hak&ig Ihe pholosensiliVB 
(W); measuring means (40) for directly measuring 
a posiifon of eiiher the mask .stage (14) or the siJbstrate 
^tage (16); a vtirafion sensor (SO) tOr measurfog the 
vibrations in the exposure apparatus body as weH as a 
porlfon other ftan eftherthe mask stage (14) or ftie Bii>- 
strata stage (16); and a stage cor^ system (18) for 
comrollng either the mask stage (14) or the substrate 
stage (16) based on the measuremeni valuae wNch are 
faad-fonwarded from vforatior> sensor (5D) as well aa 
the maasu-eroent values ot the measuring means (40). 



6 



Received at: 12:28AM, 10/4/2002 

02-10-4113:16 ; m -^^^m OLIFF 1 81 3 3778 29 00 #12/29 



11 EP0 866374 A2 12 



According to the construction of 1h« exfjosute 
ratus ol the eftMSrn&n, when the vixaaions are 
caused in the exposue apparatus body during the pro- 
jenion e37>osure deration of the mask pattern onto the 
phOtosertSiiSve substrate u&'ng, for exampJe, ihe projec- ^ 
tton optical systenrip the vibrstions at the portion are 
measured by the vibration serBor that the portion bevig 
other than portions the positions of whrdi are measured 
by the measurinB meane in eWier themaekstaQe or the 
substrate stage. The measurBrmnl values of the vtora- jo 
tion sensor are feed-fowarded to the stage cortnol sys- 
tenx The stage oontno) eystenfi cornrofe either the mask 
sta9e or the siiisirate stage based on ttre messurcmenl 
values of the ntaasuring mearte and the messuremem 
values of the vibration ©en&or bputted Iher^ In this is 
case, since ihe measurement values c4 the vflxation 
sensor are teed-tbrwarded to the stage contncd system, 
the stage control system wS) be capable of canceTing 
the vibral^ conponents indlKtod n the meaEurement 
values of the messuing means by the measuremOTl so 
vaktes of the vitiation sensor before the vforation conv 
ponfirrts affect great influences on 95 controf otsject. The 
po&b'on of ebher the mask stage or the sUbstrate stage 
is controaBd inder the conditions where no enors due 
to the Mbrafions exist, wher^ the postiona) deviation £5 
between the mask and the photosensitive substnate can 
be fyeMBTitedL Thus, the projection exposi^e win be 
innplem&ited whila keepng the mask and tie photusen- 
sitive substrate &t a desired image termafion relation. 

In the oonstrudion ol Ihe abo^re embodiment, a 3o 
scan type Bxposure a ppa i a tig the mask stage (14) and 
the substrate stage {16} of the scan type exposure 
apparatus are siijected to a scarviing at a predeter- 
irtr)ed speed raiter^ah* to the projection optkalss^ ■ 
tem (PL) by the stage control system 3s 

In the uJ iN ianlmia l scan type esipoeure apparatus. 
. Awhen v&iraliDns are caused in.ihe exposure. apparatus.. . 

body, the vfttrations cause &rors ( vibration errors ) in 
the measurement values of the measuring meens (40). 
As a result, the synchronous enor ocors in both of the ^ 
stages (14) end (16). reeuMngfn the deterioration off the 
image fomiation characteristic. Since the measuremem 
values ollhe vbialion sensor (50) are feed-tonvarded to 
Ihe stage control system (18) in the present irnnerTtior\ it 
vnTJ be possa^e to cancel the vflxation conponen^ of 4s 
the syndiTDnous error occurred between both stages 
cpeedRyL The imaoe tormation ^raracteri^ can be 
mainlained In a good siate. 

In the stxTife errixxfiment. en eaqoosure apparatus, 
in »*»ch at least one of ihe mask stage (14) and the 5t> 
sutystratB stage (16) is conposed of a coarse moSon 
state (34) and s fine motion stage (36) moving reiatfvely 
on fhe coarse mofon stage (34). the stage control sys- 
tem (18) controls a portion of the trie motion stage (36) 
ba&ed on the measurement vsrfwes wWc»i are teed-tor- ss 
warded from Ihe vbralion sensor (50) and ^e measure- 
ment values of tie measuring means (40). e provided 

In case of the expoGure apparatus oomprising a 



projection optical systen^ sine© tfie vibrations of th© 
apparatus body have an ettect on the image formston 
characteristic of the pr plecflon optical system, the vibra- 
tone In the porfion relating to the image fonnation char- 
acteristic 0* this projection optical system should be 
preferably detected. In the foregoing eixpoajre appara- 
tus, ty Bxarr^e. ^e foregoing vibralian sensor may be 
designed such tiiat it measures the vbratrar^ of tfie 
foregoing projection optical system (PL). 

An another embodrnent accondng to the prasem 
Fivertion wiP be explaFied referring to Pigs. 3-& 

Fig. 3 is a schematic perspective view of a projec- 
tion exposure apparatus 100 of a step and scan type 
that is another embodiment of the present in/entioa In 
l=tg. a, a p^eslal 102 of a rectangular plate shape is set 
on fi floor as a setup plane. okJ vibration removing pads 
104A to 104D are set on the pedestal 102. It shouki be 
ncded that the pad 104O located at the innermost posi- 
tion Is not shown In Fig 3. A base 6 is set u|> of a rectan- 
giJar shape on ^ pods 104A to 1040. Since a 
projection optical system PL Is used In this embodiment 
as is descri>ed later, a Z-aaos is taken in parallel Mnth an 
optical axis or the pnijection optical system PL a Y-axis 
is taken in the kxi^itudinal drection of the base 10$ on 
a plane perpendicular to ihe Z-aMS, and an X-axis is 
taken In a direction perpendicular to the V-fisds. Rotation 
direc&ore around frie axes are defterminod as Z0, Y0 
ar¥J ze, respective, ki the tollo»wn9 descriptions, the 
directions illustrated by the arrows of the X, Y and z- 
axss in Rg. S are -i-Y +Y arx) 4Z cSrecCons, and ffie 
opposite dN^ections to tiiosG are - X, -Y and -Z direc- 
tions. 

The vibration remcnral pads 104A to 1D4D are dis- 
posed dose to the tour comers of tiie rectansiular bot- 
tom surface of the base 106. re^ecth/efy. In this 
embodiment a pneumatic danper is used as the vitira- 
tion removal.pads a04A to-104D, jso.tistihe fieighLxif> . 
the pads 104A to 104D can be adjusted by air pressure. 
Therefore, the pneumatic dangers serve also as a ver- 
ticaDy moving mec^tantsnu As a maiieir of course, 
arxtiher vertical mo^ng mechanism mey be provided 
and Ihe vtonafion removal pads such as a mechanicaf 
damper in which a conpresdon coil spring is provkJed 
in the danping fiqwd maybe used. 

An actuator 107A is provided between the pedestal 
102 and the base 106 tiiat is parallcd witii the vibration 
removal pad 104A, A voice col ndctor is used, vi^lch is 
con^xised otf a stalor 109A formed of a magnetic fieU 
geneiBlar fixed onto tiie pedesta] 2 and r^rtator lOaA 
fixed to the bottom surfoce of the-base 1 06^6 an actua- 
tor 107A. The actuator 107A generates an eneitfzing 
force in the Z-aads direction, which acts from ti^ pedes- 
tal 102 to the bottom eurtoe of the base 106. and 
ataoorption force which acts trom the bottom eirfiace of 
the baseiOS to the pedestal loe by oomrolUng currents 
flowing the coil 01 tfte rotator 108A by an actuator con- 
toDing droA 111. whteh wIH be described later (refer to 
Figs. 4 arxl 5). 
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Also in other vtonation remcval pads 104B to 104O, 
sirTBlar to ihe vtoralicm iBmoval pad 104A. actuators 
107B to 107D ha^ng the same constitulion as thai of 
ihe aduatOT 107A are prowded in parallel. H ehoM be 
rated thai the aduatore 107C and 107D locaied^the 
innermost posiljons are not shwtn m Rg. 3. Tbe ener- 
gisrng force and the ab$0»ption force of those actuators 
107B to lOTD are Bet by SI *srter descxtsed actuator con- 
trol cnaA 111 < eee Rge. 4 ar*} 5). A conlrol nnelhod of 
the actual v& 1 0TA to 107D wi& be described later. 

Onto the side surtace of the base 6 in the -fX Erec- 
tion, the accdwstion sensore 1 05Z1 and 105Z2 serving 
as the vftsrab'on sensor far detecting the 2 drection 
aocderation o* Ihe base 106 are fitted. Moreover, the 
aco^eicdion &efiSO<* 105Y1 arid 1D5Y2 serving as the 
vftyation sersor tor detfrctirtfi the Y drection accelera- 
tion of the base lOearefrtledtothe+XcfcecIionandon 
the uppCT siFfeoe of Ihe base Ica The aocelerartion 
sensort 105X1 and 105X2 serving as the vibrafion sen- 

for detecting flie X diredion acceleraiion oJ the base 
106 are fitted to tt>e +Y and - Y direction ends on the 
uf3pereu/faceorthebase 106. For sKarnplfi^ a senBoon- 

ductor acceterBtiQn sensor 16 emp^^ ^ ^ ^k^^' 
tionsefwxs 105Z1, 10522, lOSYI, 10SY2. 105X1 and 
105X2. Outputs from these acceleration sensors 
105Z1, 105Z2, 105Y1, 105Y2. 105X1 and 105X2 are 
supplied to a later desalted >A3raiian {»ntrol corrputi 
carouft 154 ( see Figs. 4 and 5). 

ITte wsf^ stage 1 20 servins as the second stage is 
mounted <n the base lOB. As shouvn in Fig. 4. the woter 
stage i J30 ectuariy consists of an X stage 120X driven In 
the X direction along Ihe upper surface of the base 106 
by a triear rrntor { nd ehwvn ) ; a Y stage 1 20Y itioi*^ ed 
on the X etcige 120X. which is driven in the Y directon 
by 8 Pnear molor ( not shown ) ; and a Z leifefing stage 
1202nioirtedonlheYsl^120Y.lnFig. 8, Ihe water 
.%siage .120. is. shown represertattvely.on behatf of thefa. 
The waf^ stage 1 20 is constructed such that a water W 
as a siAsstrate is hekt on a testing stage 1202 by 
absorption throu^ a iwofer hokter 121 which e sUe to 
perform a line rotation in the e direction. 

MoreMT. the fmst oohimn 124 is pronded on the 
base 106 so as to surround the wafer stage 120. The 
ixojeciion optical system PL is taed to Ihe central por- 
tion of the upper ptale of the first column 124. The sec- 
cnj Golunm 126 is provided on the iJps^Gi plate of the 
first column 1 24 so as to sur round the protection optical 
sydem PL The reticte stage 127 as the first stage is 
mounffid on the upper plate of the second column 126, 
and the retide R as the mask isfnointed on the retide 
stage 127. 

The Side surfaces of the Maler Stage 120 ( actuBly 

laraling stage 20Z ) bi the -i> Y and X dredians are 
eliittecled 4o a mirror polishirtg frestmeni go ihsA fhe 
r^lection planes l2Da and 102b as the second reflec- 
tion rrtrroff are formed. The mofc/Bman! positions of the 
wafer stagei 20 in the X and Y diredions are measured 
by the wafer X and Y a>os interference meters i30X and 



130Y through these reftedion planes 120a and 120b. 
This is deserted later. The wafer X arri Y axis feiterfer- 
ence meters 130X and 130Y are hereinafter refemed to 
as a water interference meter ISO. The 2 leveling stage 

5 -jzoz is constituted such that its drive in the Z axis dw-eo- 
tion and its slant agairst ti>fi X and Y plane are adjusta- 
ble. Therefore^ the watfer W can be positioned three 
dbnensionally by the X stage 120X, the Y stage 120Y, 
the Z leveling stage 12QZ and the wafer hdder 121. 

to The r^le stage 127 is constituted so that the reti- 
de H can befnely adjusted in the X-axis direction and 
the angle of rotaifion of the reticle R can be adiusted. 
The retide stage 127 is also adapted go that it may t>e 
driven in the Y ejection by a linear wto'' sho*m), 

19 The '••Y direction and direction side su^aces the 
reticle stage 127 are planished so that r^lectng sur- 
faces 127a, 127b may befbrmed as a finst reflecting mir- 
ror. The posHian of mwement of the refide stage 127 in 
0ie Y direction and the X direction is measured by a ret- 

20 icte Y-axis inlBrterence meter 1 31 Y and a refide X-axis 
Interference meter 13 1X (hereinafter. sometinwE ga»er- 
BDy referrcd to as "a retide Nerference meter 131*^ 
through the rcftecfing surfaces 127a, 127b (dBscrtsed 
below tndetafl). 

zS An Btumination opticat system (rxit shcMm) is also 
arranged the retide n. A comrd apparatus 142 
descrtsed below (sea Tigs. 4 and 5) pevforms a relaltve 
alignment of the retide R and the wafer W and allowe a 
focal point detecting system (not shown) to peitorm an 
auio^jcus, while the pattern of the reticle R is sitTse- 
quentty exposed onto each shot region on fhe w^ar W 
through the prc^ecSon optical system PL under an 
exposir^ light EL from the iluminaticn Optical system. In 
the second errtxxlimenl. during the exposure on each 

35 Shot res^, the wafer ctage 120 and the reticle Stage 
127 are rdatively scanned in the c^ipcTsite dkect'ons 
. bach other a! a predetenninedJatiool speed .alor^ the.,, 
Y-axis ^tecHon (scan Erection) through the Gnear motor 
(not shown} by respective stage oon^dimg c^cuits 

40 (descrft>ed t^ow) in ree^xxise to an instrudian from the 
contml epparalus 

Ihe first cdumn 124 is in contact with a foced platen 
106 by four legs 124a-124d (it ^lould be noted that ihe 
teg I24d located on that side of Rg. 3 not shown). A 

46 mowaUe shaft 135A is also entiedded in the side sur- 
face ol the first column 124 in the -Y drecBon. An adu- 
afar 182A is mounted between the mcvatjle shaft 13^ 
and the column (not shown) fixed on a floor. 

A vdoc coil rTK3tor uu ri iJ ii bSn g a sJatar 134A com- 

so posed ol a magnefic field generating material fixed t^ 
the coMm (not shown) and a mo^ 133A ind^^ng a 
oolt mounted to the movable shaft 135A is used as the 
Bduator 132A in the same manner as Ihe actuator 
107 A. The ourreni flowing through tfie coil in the movor 

55 133A Is adiusted by an actuator contrd drcuft ill 
described below, whereby the actuator 132A can apply 
the force to the movable shaft issA in the tXdiredioa 
In the siame manner, a movable shall 135B is embed- 
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ded in the side surface ot ihe firri column 124 in the +Y 
dff Gction. An actuator 132B of the same constituiion as 
the actuator 132A is nxjunted between the movEbJe 
shaft and Ihe cokmi (not shown) fixed on the 
floor. The ectuatv ^Z^B is controlled by the actuator 
control drcua 111 dssaibod below, wherefcry the actiia- 
toc 1326 can apply the force to the rrxvable shaft 135B 
inthe±XdnBction. 

An actuator 132C of the same constitution as tfw 
achjator 132A is also mounted between 9)e ceitter on 
the +Y direction side surface of the first column 124 and 
the coiurm (not shown) fixed on the floor. V\e actuator 
is contrdlBd by the actuator corrtrol circuit 111 
dcscrfced bekw, whereby the force can be applied to 
thB first coiurm 1 24 in the ±Y direction thnou^h the actu- 
ator 13ZC fc^the sarnemenner, an actuator 132 Dc# the 
same constitution as the actuator 132A is ateo mounted 
between th© center on ihe -Y direelion side surface of 
the first column 124 arxJ the cokjmn (not shown) fixed 
on the floor. The actuator 132D is corttroled by the actu- 
ator control c^curt 1 1 1 described bekwir, whereby the 
1art» can be ^led to the firet column 124 in tyo ±Y 
direction through fhe actuator 132D. A mslhad of cson- 
troHing these actuators 132A-132D will be described 
bekML 

Fig. 4 shows Itie corstitub'on of a viorB&in controf 
system for an e»posir>9 appajshjs txxty 140 corEtituting 
the projecting^exposing apparatus 1 00 together with the 
expoearrg apparatus txKiy 140 to be controlled by the 
vbrafion oortircJ system. Herein, the exposmg appara- 
tus txxly 140 is an element corrpiisng tie abo^ 
descried fixed platen 1 06 of Rfi. 3, Ihe body composed 
cf tttefirst coiurm 124 and the Eooond column 126, the 
wafer stage 120 mounted on ihe body, the projedion 
optical system PU the rirtide stage 127 or the liKe^ 

As descrftied above, the elfxising epP^^Htus body 
^.140 ts supportedfrom the lower portion byjDur.vnt)ralion 
renrKT^ing pads 104A-104D and four Z-cfiiec£on »;tua- 
tors l07Ari07CX Beferringto Rg, 4, the vtoration restto^ 
iro pads 104A-104D arKl Ihe Z-direction actuators 
i07Ari07D are ger^ly shoiim as a vibration remo^ 
ing 104 and a 2-dbeciian actuator 107. respectivety* 
The e>vx>E«ig appi^atus body 140 is ateo supported by 
two Y-direction actuators 132C, 132D for cwtroBinfl the 
vibration in the Y-diractian arvl two X-<firection actuators 
132A. 132B for corrtnoBing the vibration 'm the X-direc- 
tioa Referring to Fig. 4. these foi« actiators are gener- 
ally shown ss an actuator 132. 

The expoong apparatus body 140 is also provided 
wim total sa acceleration sensors tr)cluc£ng fiATo accele^ 
ation carers 10SX,, lOSXg for measuring the aoc^elef- 
elion in the X direction arranged spatiaBy qpart fronn 
each other on the fixed platen 106. ftwo acceleralion 

eeroxs 1 0SY^, lOSYg *x meaeuring the acceleraticyi in 
the Y cfcecb'on ananged spatially apart from each oiho^ 
on the fixed platan 106 in ff>e same manner and two 
sccelereton sensors 105Z|. lOSZg for measuring the 
acceleration in the Z direction arranged spatially apart 



from each other on the fixed platen loe in the same 
manner. Referring to f^. 4, the acceleraSon sensors 
it)5Xi, lOSXg, the accelenaliort sensors lOSYv 10SY2 
arri the acceleration serBars 1052^, IOSZ2 are gaier- 
5 ally shown as an accelemtion sensor lOSX. an acceler- 
ation sensor 105Y and an acceleraiion sensor 105Z. 
respectisreiy. 

A mcasurerrtent of the position of ttie retide stage 
127 and the wafer stage 120 wffl be descrbed vrith ret- 
ro erencetofi9-4. 

The reflecting surface 127a is fbrmed on the 
direction side surface of the reticle stage 127 as 
desabed above, A fixed mirror 144 is fixed on the 
ifjper outer periphery of Ihe projection optical system 
16 PL so that it be used as a ttiird receding nirrof. A 
heliiffn neon laser Eght s emitted from the reticle Y-axis 
interference meter 131Y toward the r^lecting surface 
120a and the fixed minor 144, so that the Y direction 
poBition tJt Ihe retide R placed on the refide stage 127 
20 H measured on the basis ol the fixed minror 144 by flie 
retide Y-axis interference meter 131 Y 

As deeatoed above, the reflecting surface 120a is 

formed on the 4Y cfiredion side surges of the l^^eCng 
Stage 120Z cons^huting the wager stage 120. A fbced 

S6 minor 146 is fixed on the tower outer periphery ol *ie 
prti^ectian optical system PL so that it rrtay be used as 
the third rtf lecbng mirror. The hsTjum neon laser fig^ is 
enitted from the wafer Y-axis Interfer&Ke nieter 130Y 
touvard the r^lecting surface 120a arxi the fixed rnrror 

JO 146. 60 tot the Y direction position of the wader W 
placed on the wafer stage 120 is measured on thetsasts 
Of the fixed marrw 146 by the wafer Vaxis imerlerence 
m^lSOY. 

Although the measuremei« of the Y dfa^ection posi- 

35 tion of the rdide R and the wrafer W alone is herein 
described, the X direction posrtion of the retide R srxf 
..^the wafer W..isalsQ.mBaasediv the above-described • 
retide X-aias trUerierence meter 131X and wafer X-axis 
knerference meter 130X for measuring the position in 

40 the X tfredioa 

The c ons ti tution of the vibraiton oomrof system for 
the exposhg epparahs body 140 w91 t» descn'bed 
bdow wth rafarence to Ftg. 4 and Fig. S fihe drawing 
showbig Ihe detailed constitution of each portion of Fig. 

4ff 4). As shown in Rg. 4, this cor^d system conprises a 
control apparatus 142 lor generally conlrcBng the whole 
apparatus, a retide stage oontrd&ng drcuH 1 48. a wafer 
stage (;o nli 'ot rm g circuit 150, a counter-force corrvt^ng 
drciA 152. a vtxation control confxJting cvcUt 154, 

50 andanactuatorcontrol circuit 111 oriheia«e. 

^ the second embodiment, stage motion signal 
output mearts oonprlses the control apparatus 142, 
stage contrd means comprises the retide stage con- 
troffing circuft 148, counter-force computing means 

SS corrpriGes the coumer-force cornputing circuit 152, and 
vibration oofM commuting means coirprises the vibra- 
tion control coTTfXJttig circuit 154. 

The vbration coritrol computing drcuit 154 com- 
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prises a cofujuting circuit of center ol gravity reference 
154A tor computing the vibration on the basis of a posi- 
tion of center ol gravity G as the carter of vtoration ot 
the exposng apparatus body 140 and a computing dr- 
oit lor feed minw IWD tor computng the vifarBtion on 
the basis Cff the fixed minor tor the reticle (the fixed itiir- 
ror 144 fehown in Tig. 2 and the X-axis fixed rrirror not 
shown; h^j&irafler generalty rcffefTed to as 1he fixed 
rnrror 144'^. 

The computing circuit of center ol gravity reference 
154A has a function tor detemaning Itie vbratkNi in the 
cSieCtionS of six degrees of freedom (X, Y. 2. X , Y , Z ) 
in the posftion off eerier ol grn^ G of tf»e exposing 
apparatus body 140 by pertonring a predetermined 
matrix compiiation in acxiordance with outputs the 
Six Bccelwation swisotis lOSXi, lOSX^. lOSYi, lOSYg, 
i05Zv lOSZg. The position of center of gravity Got the 
exposing apparatus body 140 is prevtouGly defined in 
d^ign. The positions of the dx acceleration servors 
lOSXv lOSXg, 105Yi, lOSYg lOSZi. lOSZg are atso 
prevkJiisfy dc^lrwd. Theretorc. h is «asy to determine the 
vibratton in the directions of six degrees of freedom in 
the position of center of gravity G of the acposing appa- 
ratus body 140 by pertorming a predeterrnvied matrix 
conpL^on in accordance with the outputs of the six 
acce*era6on sensors iOSXi, 105X2. lOSY^. lOSY^, 
1052^, lOSZg. S'mce the po^fen of center ol gravity G 
of the aicpo s ing ^sparctus body 140 is varied by the 
rravenernoithe reticle Stage 1Z7 and the wef^ stage 
120, thus tad is taken into oonsderafion in the second 
entxxfrnenL That k. coefficiente of the matrix compu- 
tation are previousty deterrn'md in response to ^e 
posHiorc of the reticle stage 127 and tie wafer stage 
120 by e simutafion c3q>erlrT»en! or the Bke, the coeffr 
dents of the matrix conpulation are then stored as map 
data ffi a memGry in the computing drcwt otf center Of 
gravity reference 1 54 A. .and the valuis measLsed by the . 
reticle interference meiei 131 and the wafer interference 
rmef 130 are also snipiied to tie conputing droit cff 
c^n&r of ^^avity referenoe 1S4A. Since there are also 
prwided e^ actuatofs i07A-io7D. 132A-132D In the 
second errbodiment the computing circuit 1S4A per- 
forms the matrix confutation for bjitfrer assi^ng the 
visration in the directions of stx degrees of freedom tn 
the position of center of gravity G of the ei^tosing appa- 
ratus body 140 to the ei^ aduators, whereby a feed 
back sligna! is sufjpBed to eadi actuator trough the 
actuator conlrDi circuit 111. 

The computing circuit tor fixed mirror 1648 has a 
function tor determirBng the vtorafion in the ejections Of 
two degrees ol freedom in the XY cfiiecttons on the 
basic of the foced rrvror 144 by p&tormk^ a predeter- 
mined matrix computation in aa»rdance with the out- 
(Ufes d the six acceleration sensors lOSX^, 10S)^, 
i05Yi» 105Y2, lOSZt, 10522. ^ position of the fixed 
n»nor 144 lor t>e retide is previously ddined in design. 
The posrtkxts of the six accderaticn sensors are also 
pre/ousiy defined. Therefore. H is possible to easily 



deiennine the matrix coefficiente lor con^rerting tf^ sig- 
nal obtained by the six acceleralton sensors into the 

vibration of the fixed mirror 144 tor the relide in the XY 

drections. The conputing drcuft lor fixed mirror 154B 
s detsTmncs the vibration of the fbced mirror 144 as a ref- 
erence position of the retide R In Ihe XY dyedions by 

the confutation, and (he oomputir>g ctrcurt 154fi sup- 

pBes the conputation resutt to the reticle stage control- 

firq circus 148. The measurement values of the retide 
JO interference meter 131 and the wafer interference meter 

130 are sippiied to the toregoing control apparatus 142 

through the reticle siage controlling, drcuft 48 and the 

wafer stage oontroSng drcuit 50 ( see Fig. 4 ). In the 

contnoOing apparatus 142, the posiUorK. speeds arxf 
ts accelerations of the X stage 120X. Y stage 120Y and 

retide stage 127 are managed to be controlled. SpedTi- 

cally. as shown in Fig. 5. in the controlling appar aHgt 

142, the instruction values of the posittons. speeds end 

accelerations tor the stages are computed. The instruc- 
£0 lion values of the positions of tie Stages are deemed as 

Ihe target values for the stage controflirtg droits 148 

and ISO. At the same time, ttteffislructian values ol the 

Speeds and accelerajions are inputted to the stage con- 

trd system 01 tie stage corttrolttng drcuils 148 and 150 
£5 in a feed-forward fasNon as descrfoed lat^^. 

The retide oontrolRng drcuit 148 as shown In 

Rg.5»corTprisBS a subtmctor 148a for conputing a posi- 

fianal deviation that is a ditiarence between the induc- 
tion vatoe of the refide stage ( R stage ) irom the 
so oorrtroHing apparatus 142 and the measurement value 

of the retide interference meter 130; and a stage oon- 

trdCng system 148b for performing ( proportion 4- 'me- 

nation } controlEng operation using tie posiiianal 

deviation as an operatiaral si^Bl and conpuling the 
$s contrgBIng quartfty so as to rnake the positional devia- 

tan zero, tiereby gMng a thaet'tng force to t)e reticle 
. stage J27 through^ Bnear^jnotor^ rMt.&ham),.ftsboiild . . — — ... — . ■ 

t»e noted tial a epeed OEmtrvIling loop ( not shown ) is 

bdh in tie stage oontrolting system 148b. The whole ol 
40 tie system to oontrdtte retide stage 127 is a nriutti loop 

aontroDing system having a speed loop as an interm) 

toop for the podtional locp. 

Here, tie instruction value of the speed is inputted 

in the feed-forward fashion from the oomroDing appara- 
45 tus 142 to the speed controlfing loop witin the stage 

contmling syst^ 1 48b. Moreover, the instruction value 

dl the acceleration from the contrdSng apparatus 142 is 

converted into the thrud force and irputted in the feed- 
forward iasNon xo tie output termina) of the PI controller 
so constituting the speed c o ntf o Bn g loop. As described • • 

atxTVB^ the reason why Ifie tretrudion values of the 

speed and accdevBtion are si^TpIied in tie feed-fonwaid 

fashion fncvn tie contromng apparatus 1^ to the retide 

stage contrdling drcutt 148 in addition to the Gorttro) by 
55 the positional loop based on the instruction value of the 

position is as tonouv&;fipecificalty, since in the ecarv 

ningCGcarhtype) exposure apparatus ft is most inportant 

to control tf^e speed of tie stage, the position control 
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respon&ftjnity cf the whote system miisi be enhanced in 
erdar to produoe the compatibarty of the positionQl con- 
trolling with the speed cxintrolDng orxl the like. 

Moreover, in the feecond emboctment the accelefB- 
tion s»^l ( intormafion concerning viyations ) in the X S 
and Y two treectoTn de^ee cfiredions in the fbaed irtrror 
144 is supplied to the ret)de stage oonirolling circuii 146 
as a feedback signal This accelerHt'on signal i$ *ed 
back to the spaed comrottng loop wtihin the sfage con- 
trollirq system 148b through the imegmtor I48c. At the jo 
sartwtnne, the output from irtesFator lAScisfedbackto 
adder 14da of the posabnal contjolling loop through 
another integrator 14ed, As descn'bed dxivB, the rea- 
son why the acceleration signal in fr»e X and Y tree- 
dom degree *rect»on$ is £i4jpiied as the feecfcjack is 
sigr^ to the positional contnotfing loop and speed con- 
trolling toop conetftuting the oontrDlfing system of the 
reb'de stage 127 b BB fotkywa 

Asdescrtoed above, since the position Of the refide 
R is rpoacitrcri by the relkde intertererce meter 131 ^ 
u^ngthepOsriionolthefDoed rhrror 144 e& a referer>oe, 
1^ flying the vibrations fan the X and Y directionGe In 
the fixed rrwror 144, the rastdual vtnations teter 
descrftied are present in the exposure i«>paratu$ body 
140 arei though the measurement emore are pnoekiced ss 
ortg5na6^ t^om euch vtbraiionss the rfage ccrrtfofling 
droit 146 controls ti^ nwement of the retide stage 
127 GO as to remo»<e such crrora, whie aiding the 
reskfcjal vtorattorts. ■RHife. the poeaion where the pattern 
of tftercficteR is translened will never varied Ihcugh the so 
vSyations are in the X and V cfrecIicxiSL 

^4oreo/er» the water stage controHng drcuft 150 
oompriees a ewWrtacter tor oomp^jOinQ tfi© positional 
devtabon thiS is a cfifterence between the instruction 
value ( X and Y tivo ft'eedom degree <firectiorv&] d the 95 
posffion from the corrtrnlling app^^is 142 and the 
...waterinterierencc nieter-.131;ancta. stage xontrolsys- .. 
tern tot pertrmi ng s ( proporf anal and rilegral ) conlrol- 
Ihg operation using the po^nai donation as an 
opera^v^ etgnal and corrfiuting the oontrooing quan- ^ 
^ so as to vraks the posftionsl dainalxvt zero to apply- 
ing a thrust Ibfce to the wafer stage 120 tfvough the 
Inear motoftna shown). The speed instruction values 
torihe X stage 120X and the Y stage 120Y are applied 
kt the feed forward fashion to the ^ead control loop in 49 
the stage cor^vdEng system. Sirrularty, tf^ acceleration 
Instruction values tor the X stage 120X and Y stage 
1207 are converted to the thniGt forces and inputled in 
the teed fetrward tehk)n tothe ou^xJtterrnrBl of the PI 
contmDer constituting the speed contrdling kwp. so 

The Imogdng counter forc;e corrf)utaliDn drcuil 152 
is a drcutt wNdi pefforrns a corrputstion irt order to pro^ 
duce farces ( courier forces } raver&e to the vs^iations in 
the six lieedoai degree directiorK of the aqposure appa- 
ratus 140 in the actuators and input them to me actuator 55 
oontroIBng dicuil 152 in the feed torwand fashton. As 
sho*n In Fig. 5, the counter ferce drouit 1 52 comprises 
a fir^ adcftioTi and gain matrix computation drcuit 152A 



( hereinafter referred to a£ "a first noatrix drcuT ) which 
adds the instruction values of the positiof« of retide 
stage 127 and the vrafer stage 120 from the controlfcig 
apparatiiK 142. perfiorms a gain adjustment and com- 
putes rates of the forces to be applied to ftie actuators; 
and e second adcMoo and gain matrix computation cir- 
cuit 152B ( hereinafter refened to as 'a second matrix 
convAitatk^n drcurt" ) whk:h adds the instruction values 
of the accelerafion of the retcte stage 127 and the water 
stage 120» performs a gam adjusfrneit and computes 
rates of the forces to be applied lo the actuators. 

The fvsl nrQlrix canpatatian ciroil 1S2A obtairs 
the irttluencc by the varialion Ot the center of yavity ^e 
to the stage movement based on the positional ristruc^ 
tion values of the stages ( R stage 127, x etage 120X 
and Y stage 120Y ) and oompuies the vistruction value 
of Vie counter torce so as to cancel the varialion of 0ie 
center of gravity The second matrix conviutBlron drcuit 
1526 obtains the reactive force tiased on ttie instrudton 
value of the acceleration of the stage, and computes the 
b^uctlon value of the courtier torce so as to cancel the 
reactrve forca The instructian values of toe oointer 
forces corrputed by the first and second matrix compu- 
tation drcdts 15ZA and 152fi are inputted in the feed 
forward tae^ron to the adder 11 1h constttuling the a^^- 
ator contralling drcuh 1 1 1 . 

As shown in Rg. 5» the actuator controlling drcuil 
111 comprises a su^>tr^ctor 111d which conputes a 
po^ona) deviation ( sbc freedom degree cfiredions } 
that is a difference between a target position in the six 
freedom degree directions ( here an originaf 
(D.O.O.O.0.0) is tfie tar^ position ) output from ftte tar- 
get pos'rtion output section 111a arxj the posrtiortal irrfor- 
malion wfiich is obtained by Integrating twice the 
acceAm^on signal using the intBgiatorslllbarvl 111c. 
which Is saw acceleiallon Instruction stj^l being in a 
. ^freedom degree .cfirections .in ttiejoenter.of gravity O . 
Of the exposure apparatus body 140 conoputed by fhe 
CDnputing circuit 154A at the canter of gravity of the 
v2»ration contrdlir^ co npulin g droit 164; a PID con- 
truRrig drcuit 1 lie which performs ( proportion + lr<e- 
grstfon 1- cEfferentiation ) oontnolBng openalion using the 
poeilion deviation an operational dgnal, output from 
fh© subsiractor Hid snd oomputes the speed Instruc* 
tion value < six freedom degree directions ): a siii^strac- 
tor mt which computes a speed deviation ( sijt 
freedom degree directions ) that is a difference between 
the ^>ead tnslruciion value from the PID oontrolfing cir- 
cuit and the speed informalfon ( dx freedom degree 
directions ) obtained t^ integrating the acceleration sg- 
n^ in the six freedom degree directions in the center of 
9By&y G of the eiqaosure apparatus body 140» which Is 
sakl acceleration sigrof being computed 1:^ the cornpu- 
taion drcuft 154A; a PID controtlng drcuit 1 1 1g which 
p«^)rms a < proportion 4 integration + dftferenliatfon ) 
controlling operation using the speed deviation ouput 
trom the subtractor lllf as an operation signal and 
oonputes the insttuction value of tiie iforce for the actu- 
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ators; and an addtf I11h to which the inetructicn of 
vatife ol the force from the PID GanrtrGting droil lllg. 
Also Ihe instruction vatues Of the counter forces from 
the matrix ccrrputaiion drcuits 152A and are 
inputted rn e feed-forward fashion to the adder l nh as 
deecrit^ atxve. 

Next an operation tit the projection eijqaaeure appa- 
rotos 100 oondituted as above during the scan e3f)0- 
sure will be described- 

In ^e projection eiiposure apparatus 100. an pre- 
determined slit-shaped Ifciminaiion region (me ilhjnma- 
tion reoion being defined by a blind in the BKimirBtion 
opticaJ system) on Ihe r^de R te iJlummated with a uni- 
form itluminancG by an exposure ntLrninalion fight EL 
tiom an lllurtnination optical system { not ^KJwffs ) dicing 
the expo£une operatian. In synchronizstion «^ that the 
reticle R which is scanned in a pred^ennined scan 
cirectian for the tltumination regloa the wafer W is 
scarwied against a corrugated exposure region with the 
illurrinBtion respOrt relative to the projection optical sys- 
tervi PL Thus, the iBumtnaiton Tight EL Iransmittir^ 
through the pattern rej^on of ihe reticle R is reduced to 
B predeiemifned magnification by *e prpjection optical 
sy^em PL and kudcfioted onto the wafer w coated with 
resasL The pattern of the reticle R sequentially trans- 
ferred on the exposure region on the wafer W so that the 
ertire curfcice of the pattern re^n on the reticle R is 
transferrBd orrlo this shot region on the wafer W by one 
scanning. 

In the step and scan type projectoi exposure 
apparatus lOO, the sigmis ol the Instruction values are 
sent to the stage comronbig circuits 146 and 150, which 
are sad signals l>eirTg tor scanning tie retide stage 127 
in the Y<fcection at a Speed of ^V by the controlling 
apparatus 142 ( l/p: s reduced rr»gn'rficatiDn the pro- 
jection optical PL) and for synchronously scan- 
. r . jting^Jhe .water, stage 1 20. In- -rYdSreciion .ai . a ^speed-Sit.. 
The respective confrolling drcuits 146 arxi 150 control 
so as Id scan the reticle stage 127 and the wafer stage 
120 at pnedetemwied posriions and m predetemwied 
speeds. wMIe mondoring tfte measurement vatues of 
the interfererKe rr^ers IdO and 131. 

In tf^ case, since the reticle stage 127 arvj the 
wafer stas^e 120 are scanned by the linear motor as 
desait>ed atxrve, acoornpanied mlh an Inaease and 
reduction in a speed when the retide stage 127 and the 
wafer stage 120 are moved, a reacthre force origviating 
the moyements of them is produced in the bieai motor 
sothai vtorations are produced 5n the exposif e affjaia- 
tus txxfy 140 tie reactive force Moreover, when the • 
reficle stage 127 and the wafer stage 120 a^e scanned, 
the vailaficn of the center of gravity of the escposive 
apparatus body 140 creates a siMe ndinatian so fiat 
vexations are caused In the whole or the expose 
apparatus body 140. 

tn the second embodinvent. as described ebOk^ 
based on the instruction values of the position and 
accelenaiion for the reticle stage 127 and the water 



stage 1Z0 from the controlling apparatus 142, the 
jn^truction value of the Dounter force so as to cancel the 
influence by file variation of the center of gravity due to 
ttie stage mov&nenls is computed by the counter force 

5 computation drcwi 152, as well as the instruction value 
of the counter force so as to cancel the resctrve force 
due to the acceleraGon. The computed iretrudion val- 
ues are supplied to the actuators < 107A to 170D, 1 32A 
to 132P} through tfie actuator oordroHing drcuit 111 in 

io the feed Ibrward feshioa For this reasoa the reactive 
force produced tjy tfie increase and reduction in a speed 
of the retide stage 127 and ifie wafer stage 120 is prin- 
cipally canceled by a force generated by each actuator 
driven accordirtg to the instrucfion value of the cointer 

75 force. The vibrations of the e^q^osure apparatus body 
140 produced lay the scan of the above descn'bed 
stages are almost removed. Howevo-. since Die reacSve 
fbrce ere not entirely removed by ifte counter force. eU>- 
tte vibratiore ( hereinafter referred to as residual vftMB- 

^ fons ) in the six freedom degree dtrectfons ( X, Y 2, Xe. 
Yd and ZB cfirections) ren>ain in tfie eq:>osure appara- 
tusbody140. 

The variation of the e^qposure cpparatus body 140 
due to the residual vibratfons is respectively detected by 

PS the six aooeleralion seniors 105X1. 105X2, 105Y1. 
105Y2, lOSZi and 105Z2 mounted to the fixed ptaten 
106 Of the SExposur^ apparatus body 140. Based on the 
six acceleration sensors 105X1, 105X2, 105Y1, 105V2, 
105Z1 and 105Z2. the conrputation drcuit 154A of the 

30 refererice Of the ceriter Of gravity in the vibration controt- 
ting drcuft 154 peforms a predeternrined matrix com- 
putafion to otrtain the >Axfdions ri the six freedom 
degrBe cfirecfions in the position of the center of gravity 
of the exposure apparatus ttody 140, and performs a 

36 matrix conputadion for sharing the vibrations in the soc 
freedom de^ee diredfons among the &^ actuators. 

..... ther^,si493(ying. them. Id, JbeLBduabirs.. through. tfie ^ 
actuator controtfing drciA 111 as a feedt»GK signal. 
Therefore, based on the feedback signal the actuators 

40 are controtlad by ttie actuator controding drcuh 11 1 so 
that the above descrfoed residual ^rafions are sup- 
pressed Speedy In ^ case, in tfie second embodt- 
nneni since the vforalions in the six freedom degree 
dkecDora In the portion of the cemer of gravis G of the 

45 exposure apparatus body are obtained on tfie t>asis of 
the value of the accel&atian sensor and moreover the 
fee^iadt signals to suppress ihe vforatkms in tfte soc 
freedom degree directions are Qpptied to the actuators, 
the residual vforations are more effectively suppressed, 

5p urdtke other progedian sxpoeure apparatus in wfvch the • 
vaf ue of the accelerafian sensor is fed back to ttie actu- 
ator disposed in a portion facing thereia 

HowMT. in the second embodtmenL even before 
the residual vforations are conptetety si^^essed, a 

$$ high precise e39>06ure can be performed SpecHicallyt 
there is provided a connputatfon drcuit 154B within the 
vibration controlRng drcuH whidi performs a predeter- 
mined matrix oonpuiation based on the outputs from 
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Ihe six acceteralion sensors 105X1, 105X2, 105Y1, 
105Z1, and 105Z2 to obtain the vibrations in the 
freedom degree drections ( the X and Y-directions ) 
u©ng the fixed nwrTiir as a reference. Since the vtora- 
lions rn the X and Y two freedom degree directions at s 
the position of the fixed minor 144 connputed by the 
axT^KJtino aroit 154B are fed back to the r^tde stage 
cortrofling cirnja 148, the controJ tor the retide stage 
127 i& pertormed by the retide stage controltinQ drcuHt 
148, vwhie considering the waratJone. Therefore, the jo 
position whwe tha pattern o\ the retide R is iraristerred 
never liianges in apte the vixatiortt are in the X and V- 
diTBCtions. 

As descrtoed above, according to the projection 
exposLse apparatus 100 of the second errtwdimertt, ib 
t3Qse6 on the outputs of the six accelerHtion sensors 
lOSX, 105X2. lOSYl. 10SY2, 105Z1 and 105Z2. by uti- 
Itting the wbrations in the six freedom degree tfreOiorw 
at the center of gravity G o* the exposure apparatus 
bocfycoririputed by in the vibrsdkan contra £o 
ckcurt 154 as well as the vlxations in the two freedom 
dey'ee directiorw in the fixed nwror 144 iot the relida. 
the residual vfldrations of the enposurG apparatiB body 
140 GW1 be suppressed 6peedi^>; which coiW not 
removed in thai the couftter force vras supplied in 2s 
the feed forward fashion to the actuator. A high pred- 
sion &430sure can be pertornned even ihoughthe resid- 
ual vajratkns are presanL 

For the second onixxfiment descn'bed ^jwe^ the 
descr^rtion in the case vwhere the six accderaton sen- 30 
SOTS Hs a vbralion sensor are provided in the exposure 
syjparatuE body was rrede. poshkm sensors ( dedro- 
Gtatic Csfiadlance cfaptacGmerri sensor or eddy civrent 
displacemenl sensor ) and a speed sensor may be pro- 
vided as ffw vftiTBtion sensor in stead ot them or ss 
together wi9i the/iL 

.Moreover, tor it^secorxf embodiment, thedesoip^. 

tkan in ttie case where tf»e vtorations in the cu freedom 
de^ee cfiredrore in Die position of the eerier o4 ^BvSy 
Gofihe6)9)O6ureappmusbo4y140areob«atnedwas 4C 
made. The presertf irrvention is nrt Rrrnted to thi^ Based 
on the outputs from the six acceleration serMrs, vfcra- 
Hons in three freedom degree d recSonB or six freedom 
oe^'ee dlrectfons in a prbidpaJ axs or inertia as the 
center of vfihrations may be ofcteined. Here, the principal ^ 
axis of inertia b on axis in three directions possessed by 
the exposure apparatus body, on which the apparatus 
easily rotates. 

liAoreover, w\ 9)e second emboc^ment based on the 
output Of the acceleration sensor, the description irv the so 
case wh^e the vftvafions In the two freedom degree 
cfffedfans In the fixed mirror 144 tor the reticle are 
obtair)ed was made. The present invention is not Kmrted 
to ttis. The progedum o^xssure apparatus may be con- 
etrtuted so thai vibrations in the two freedom degree 69 
drections in tiie fixed mifror for the wafer are obtained 
arK) a teedtmck signal is si^ipried to tiie wafer stage 
comroliing circuit Atiemately, the projection eacposure 



apparatus may t>e conBtitmed such that vtarHtions in the 
two freedom degree directions in both of the fixed mir- 
rors for the retide and tiie wafer are obtained and feed- 
back eignals £re si4)pbed to both stage controfing 
circtilS- 

In the second embodimeni. the descrtplion was 
n»d8, in the case where the vtoralions in the two free- 
dOT degree directiore in the position of the fixed mirror 
144 fixed to the outer periphery Of the projection optical 
system PL are cAteined. The place where the third 
reflection mirror ( the fixed mtrror ) rc set is not Bniited to 
this. Though the Oiird reflection ntirrDr is in any 
place, the effecfe of tiie present irvantion are exhbited, 
as long as tiie ttiird mirror is set in a place virhere the 
vitiations of the ee^iosure appaiatas baiy have effect 
on the measurotient valuer 

For tfie second embodmenl. tiie description was 
made, in tfie case where the present inventian is applied 
to tiie step and scan projection apparatus. The scope of 
the present Inwition is no! linited to this. The present 
invention can be applied to an projection apparahis. as 
long as at least cme movenrtem stage is mounted on the 
exposure apparatus. For example, the present inverrtion 
can be surtabSy appGed to a step and repeat reduction 
prelection exposure apparatus ( so caned a stepper ). 

r=Qr the second errfcodferteni. ti>e description was 
made, in ttie case where the side surbce of the retide 
stage is farmed is subjected to a mirror polishing treat- 
ment tiiereby fornting tiie reflection surface. The 
present invention is not fimhed to this. H is a matter of 
coirse that a rrxverrient mirror as ttie renection minor 
may be jMOvided on tiie wafer stage and the reticle 



Tiie &(fiosore apparatus of the second embodi- 
ment is the onet which transfer^ through the profection 
optical system PL the pattern of the mask B mounted on 
-the stage-127 onto the siAistrate.WnwxFiled on thesecr.-. 
orxl stage 120. The exposure ^^laralus of tije present 
ttvention convdses stage movemerft ^i^nal output 
means 142 tor outputting a movement signal to at leaci 
one of the first and second stagee 120 and 127; stage 
controlling means 14C tor controlling said stages based 
on said movemerti sigral: vbraiion sensors 105X1, 
105X2, 105Y1, 105Y2» 105Z1 arKJ 105Z2 fir detecting 
tiie v3xations of the exposire apparatus body ^ 
wtnch said Irst and second stages 120 and 127 are 
mounted; at least one aduator 4A to 4D. and 32A to 
32D provided in said e^wsure apparatus body 140; 
drive controlling means 11 1 tor controKing a drive of 
said actuator so as to control the vftxations of said 
exposure apparatus body 140; counter force compiAa- 
tion means 152 for corrputing a counter force for a 
movement of said ©qposure apparate 140 to supply it 

to said drive oontroUing means ill in a fieed tonward 
fasNon: and vlxation controlling corr^putation means 
154 for computing, based 00 detection results of said 
vibration sensors, an actuator drive f eedbaek signal to 
be supplied to said drive controlEng means 1 11, as well 
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as a stage feedbaci^ signal to be supplied to said stage 
controlling means 146 so as not to t^tangB the position 
on said sii>strate W where said pattern is trans- 
ferred. In ihe exposure apparatus constructfid as abos/e, 
whei e mcvemem signal is outputted from the siage 
movement signal ou^utting means to at least one d the 
first and second stages, the cof7e£porirftn9 stage fe con- 
trolled by the Etage cantToTing means, based on the 
mjvemaTt signal A! this time, by the courrier torce com- 
putation means, *ie instruciior> value cfl the cointer 
force for the movement ot the exposure apparatK Is 
Cffiv^ed based nn the movement signal l>y the coivtter 
force compulation means. The instrucfion value is Input 
to the dri^ controOing means in the feed lorviard fash^ 
itm. For this reason, when the stages are mcved tsased 
on the control of the stage comrotling means, tlie vtora- 
tioRS produced in the exposure apparabis body are 
almost suppressed by *ie counter force generated by 
the actuator the drive ol which is controUod. based on 
the inslructian value of the counter torce, tjy the drive 
controlGng means. The vibrBtions ( residual vibrations } 
of the expoo^e apparalus body which are not ^tp- 
pressed to a perfect degree are detected by the 
tion sensor. Tberi, based on the detection resu« ot the 
vftiratian sensor, the vibrstian oorrtncIKno cortputasion 
means conrputes the actuator drive feedback ^nal to 
be si4Y>Bed to the drfve oontmOing means, as weB as 
the stage feedbadc a^al to be si^Ged to the stage 
controOr^g mearrs so as not to diange the position of 
the substrate where the pattern is transferred. Thus, the 
actuator is driven by the <^ive controlling means, based 
on the actuator <Mve feedback signal. Therefore, the 
residual vftsr^ons are remved, arvi^ at the same time, 
the Stage Is driven, based on the stage teecft>Bck signal, 
by the stage contriolKr>Q meats, so as not fa change the 
posOton of the substrate where the petiern Is tran&- 

MoreOhrer.if> the second ent)0(iiment. smce the 
feedback signals tor driving the actuators are s^ppiied 
thereto based on the d^edion resute of the vibration 
sensors, the residual vfcrtfSons otthe exposure s^jpm- 
tus txxfy can be suppressed. Since the stage feedback 
signal i£ £upf36ed so as ml to change the positkm of the 
siAjstratc ¥vhere fte pattern is transterred, even when 
the residual vbrafions that are not suppressed to the 
perfect degree exist in the exposure apparatus body, the 
stage moves as if the pattern of the masW were com- 
pletely al rest on the sutsstarate. Theretore. it is possible 
to perform a high precsian o^iosire. resulting in an 
increase-in a tfirou^ put- 
in the second enbodimehl. when friete are further 
provided a first reflection mirror I27a pro^Med on said 
f irsl stage 127; a second reflection mirror 1 29a prowled 
on said second stage 1^: thbd reflection rrirrore 144 
and 146 fixed to fodng portion ou&kie of said stages of 
said exposure apparatus body 140: and interterence 
meters 130X, 180Y. 1S1X and 131Y for irr&difithg a 
tjeam ot ^ onto either said first reflection mirror 1 27a 



or said secorxt ar^ third reflection minttrs 12Da, and 
144 arvl 14$ to measure the posmon ol one of said first 
and second stages 127 and 120. said vibrafion control- 
ling compiHalion means 154 con^putes the vibration 

s state a\ said third reflection rrvnxH positions 144 and 1 46 
in 8 two dimensional direction on the honzontal planei 
TW$vi>a«on slate efwuld bepreterabTyfedbacktosaid 
aage controEng means 148 so as to control at least 
one of said first and second stages 127 and 120. if sucA 

,0 structure is adt^rted. flie vtbraton state o* the third 
reflection mirror posilwn m the two dimensional cfirec- 
tion on the horizontal plane is conputed by tfie vftxation 
cortJOlRng computation means. This vtoraton state is 
led back to at least one of the fist and second stages to 

75 control h. Even v»*>en errors onjpiating in the vi^tions 
of the posrfionol the third reflection mirror are included 
in the measurement vakie of the posrticn of one ol the 
first and second stages, ihe stage corttrotling meaiis 
can pertorm a precise position control of the stage, wi 

20 which the errors are canceled based on Itie feedback 
signal. Therefore, it is m^e easy to control the s^e so 
as not to change the position of the substrate where the 
pattern is trarBferred. 

In the second embodiment the fbregcMng vitvation 

£S oontroHrng conrfXitatian means 64 is corvtructed si^ 
that the vfaration state yi freedom degree dfcrectjorre 
more than two freedom de^ees in the center of vtora- 
tior^s of the ftxegoing e)93Dsure Bppar^us body Old this 
vfbraiion state is *ed back to the foregwrig drive cortrol- 

do Rng means 11. With such structure of the vibrBtionoor>- 
tofling computation, means 54, the vibrafion contrcning 
compulation means 54 coniputes. based on the detec- 

fipn reeUt of the vityiation sen^, the vitiration State in 
me freedom degree dlreclrons more than two Ireedom 

as degrees in the center of vibrations ol the esgxisure 
^3paratus body and teed&>taaf^ iNs vbrafion state to 

the ddve control means, ."n^retore,^ the actuators are 

driven tiased on the feedbatic a^tal, whereby the resid- 
ua) va>rBtk>ns can be supjareesed more speedily. 

40 Here, as the center of viarationsw the center of grav^ 
^ of tfie exposure s^iparatus body ard the center ol 
principal axis of inertia are nwnttoned typically. 

When the vbrafion suppressing mect>ani&m. the 
actuator 182. tfie eooeterBtion sensor 105. the corrtrol- 

46 ting appe^atus 142, the refi'de stage controlling ctrcurt 
148. tie wafer stage controlling drouft 15D. the counter 
force corrputation drcuit 152. the vtxation controlllrQ 
droit 154, the actuator controlling drail 111 arxl fho 
lilQ in the first and second erriwaments are bUlt into 

so the ^aparalus and Ihey are used coDectrvelyt faulty 
eiposues due to the vtoratiore produced In the expo- 
sure apparatus body are more suppressed, resuffing to 
more predse pnojecfion exposues. 

As descrtbad atxnra, accorcfiig to the present 

£5 Inventioa there can be provided effects thai occur- 
rences of the buny exposures due to the positional 
de^'on of the mask f^om the photosensitive substrate 
origir^ating from the vtorafions of the axposi*e appaia- 
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tuE body can be suppressed. 

Ram the inveition thus described, it wifl be obvknis 
thai the Irwemiori may bD varied in many y^sys. Such 
variatians are not to be regaided as a departure trom 
the Epiri! and scope of the invenlion, and al 5UCh modl- 
flcations as wouW be cAwus to one sWDed in the art 
are BrrtefKled lor inclusion wWiin the scope of the ffJIow 
mgciainns- 



5. 



IS 7. 



£0 



An exposure apparatus to pr ojecling an image pat- 
tern on a mask onto a photosereativB substrate, 
said apparatus oonprtsing: 

abody; 

a first elafie rncrvabte to said bocly and adapted 
to rnD4^ the rrask 

a second stage movable to said body and 
act ap^gr* to rmunt 0ie photasBnsrtive substrate; 

a measuring de^ce tor meaeuring ttie 
posHktn ol either the ma&k mountad on 
said first stage or the photosensitive sub- 
strate mounted on said second stage; 
a vftiration sensor tor measureig vftjration 
of the body; and 

a posWon (wntroJIer tbr controlling the po^ 
ton of eriher the ntask mounted on said 
first stage or the photoGensitive siAJstrate 
mounted on saw second stage based on a 
meBsiFement value of said vbration sen- 
SOr' and a moafiurement value of said 
maasurfng detnoe. 

An exposure ^^paratus aocofxfing to c;laim 1, 
. v4wne*n sald-position comroO€r-.carHraJs..of either... 
one olttie riBsK mounted on said first stage and the 
photoserc^ive sUbsirate rrmrtted on said saoond 
e^e based on a moasivemant value ir^puttad tronrt 
sad vibration senso^ h a leed-fbnKard lashlorr and 
a measuroment value of said measislns de^nce. 

The expoeure apparatus according to arry one of 
dam 1 and 2, wherein said mask stage and said 
sttosirate ©tage are reTatweiy srarwied by said 
stage control system at a predetermined speed 
ratio relartive to said prelection optical Sytienx 

The exposure-appar^us acco*ding to any one of 
daimsl,2and3. wtverein at leas) one of caid sec- 
ond Stage and first Stage is oomposed of a fine 
motion stage perfonning a relabve movemenl to the 
a coarse motion stage thereon; and 



said posSon control sy^em controte a position 
of sajtf frrte motion stage based on a measure- 
ment value Roputted from said vi>ration sensor 9. 



so 



35 

8.. 



SO 



In a feed-forward fashion and a measurement 
value of said measuring device. 

The exposure apparBtus according to any one of 
daims 1, 2, 3 arvt 4. wharevi said body includes a 
projecting optical system through which the image 
pattern is projected from the mask to the photoserv 
siljve subsrate and sakj vibration sensor measures 
vibrations of said prpjecticn optical systenv 

The eDgwsure apparatus according to any one of 
daims 1, 2, S, 4 and 5, wherein said vibration sen- 
sor is en accelefalion meter. 

The exposLf B apparatus accordfaig to any one of 
daims 1-6, ^rtheroooi^rising: 

ai least one actuator provided in say body; 
drive oonlrt>l means for controlling a drive of 
said actuator so as to si^ress the vtxBfions 
of said body; 

counter force computing means for confuting 
a counter force against variations of said txsdy 
to ipput the counter force to said dive control- 
ler in a feedforward fashioa based on a meas- 
urement vatuB of said position detectic^ 
detace;and 

vibration contfoJ computing means for compu^ 
ing an actuator drive feedback signal to be sup- 
^ied fo said drive corrticd means and a stage 
feedback signal to be sifspiied to said stage 
contrtsl nneans so as not to vary a position on 
said sut^strate where said pattern is trare- 
fcrred. based on a detection reeuH of saki 
vibration sensor. 

The .expasure..apparatus accocdlng.io.any.xine..of 
daims 1-7, 
further conpriding: 

a first reflection mirror pnoA^ed on said first 
stage, a second r^tection mirror provided on 
said Bacorxt stage, a third rrarTor fixed to a fix- 
ing ponton ouisWe said stage of said vstpo&ve 
apparatus body, and an intederence met^ tor 
inac£ating Bghl orrto ether saM first reflection 
mirror or said second reflectkm mirnDr and onto 
said third redaction mirrar and nnaasuring a 
posrtton of cither said first stage or saU secotul 
stage; whereri said Wbration control -aorTfxjfing 
means confutes a vibration state in a two 
dimenstonal direction on a horizontal ptone of 
said third reflecfion minor positioa and feed- 
tracks the vferatfon stata to said stage control 
means so as to control at toast one of sakt f irst 
and second stages. 

The eatposixa ^3paratus acconcfing to any one of 
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claims 7-8, wherein said vi9r;3tion cootrol compu^ 
ing means ccHTputes an DSoHab'fkn Stale tn & cfirec- 
lion of a degree of freedom of three mxmbere or 
more in a c^er of vftyations of sakl body, and 
feed-bdcKs thte v^^ration ctase to eaid drive control £ 
maarts. 

10. An eaposixre method of exposing 6 pstlem formed 
on a mask held vMth a firct stage on a photo«ensi- 
trve sUbstrale held wfih a second stage, said io 
mettxxi oorttpri&'rtg the steps of: 

measurlr^} a po&fbon of efther said mask on or 
said photosensifive substrale to pro^ a fir^ 
data; 

measurng vitaratiDn ol a body mounte said 
masic stage and cidstrale stage to provide a 
eecord data; ard controtling other saoJ f rst or 
second stage based on said firet and aecond 
data. ^ 

11. ihe method according to clafm 10. further conpris- 
kig the 5t^ of: 

computing a counter force agamstvartafiorts of ss 
said body besed on the first data to iriput the 
counter force to a drive controfter in a feod-for- 
iward tashion, said drive cantrcner ayitrcBng a 
drive of said actuator: and cornpufang an actua- 
tor ddve fee<t)ack ^gnal to be soppied to said 30 
dnvB cantraner and a stage feedback signal to 
be supplied to a stage contrdler tor diving the 
stage to drfve me stage based on the stage 
feed back signal and the actuator drtve feed- 
back signal so as not to vary a po^km on said ss 
siib s tr ai e where said paitem is transferred, to 
peitormth8.prDiective^es?)ost*e.ope*3Rioo.. . .. 
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(54) Exposure apparatus 

(57) T>iere is disdosed an vs/posure apparatus (1 0) 
tor pnoiecting an image pattern on a mask (P} onto a 
phMO&ensilive eUbetrate (W), the apparenus connpKs- 
ing: a body iickjdng a prpiecting oprticad system (PL) 
through whi^ the image pattorri is prqected Irom 8ie 
mask to tt)e'photc^eh&rlive sJdstrate: a first stage (14) ' 
rmv^jte to the body and adapted to mount the mask: a 
second (ie) mow^ « the body and adapted to 
mount ttw pholosens&ive SLiEtTBte: a nwesurhg device 
(4a42,48) tor measuring the position d one of 
the mask mounted on the tlret eiage arxl the photo&en- 
aSwe siAiEtrHtB mcnsiAed on second et^ge; a viaia- 
lion sensor (SO) tsr measimg vftxation ollhe body; and 
a posTtkm contnoDer (18) for controlling the poeitton of 
either orie of the mask mounted the first etage and 
the photoeensifive eubstraie mourned on the second 
stage based on a measuement rahie of the vftvatian 
sensor and a measurement value of Hie measuring 
device. 
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